A polymerase chain reaction (PCR) amplification of 16s rDNA was developed to identify spirochaetes recovered from cases of intestinal spirochaetosis in humans and pigs; these bacteria belong to a distinct genetic group of spirochaetes, with the proposed name 'Anguillina coli'. The PCR incorporated a universal eubacterial 16s rDNA sequencing primer (1492r), and a 21-base forward primer designed to include a nucleotide sequence specific for 'A. coli'. The PCR was used to correctly identify DNA extracted from 43 isolates of 'A. coli' from humans and pigs, whilst no product was produced from Escherichia coli, or from other intestinal spirochaetes, including 38 isolates of Serpulina spp., and one each of Treponema succinifaciens and Brachyspira aalborgi. The amplification provided a rapid and simple means of identifying DNA from isolates of 'A. coli', and could be used on boiled whole 'A. coli' cells, with a detection limit equivalent to 2.5 X 10" cells. The reaction was used to detect and identify these spirochaetes from selective agar plates inoculated with stool specimens from infected pigs.
Introduction
Intestinal spirochaetosis occurs in both humans and pigs [l] . In humans the condition is associated with a heavy colonisation of the large intestine by anaerobic spirochaetes which attach end-on to the epithelium of the colon and rectum 121. This colonisation has been considered to cause a variety of gastrointestinal disturbances, but especially long-standing diarrhoea and rectal bleeding [3-51. In pigs the infection causes a sloppy mucoid diarrhoea, a reduction in weight gain, and the spirochaetes again attach end-on to the colonic epithelium [6, 7] . In humans, colonisation rates exceeding 30% may be found amongst individuals living in developing countries [8] , in Australian Aborigines [9] , and in homosexual males and AIDS patients in western societies [lO,ll] . Colonisation is uncommon in other people in western societies [9, 12] .
Recently, using multilocus enzyme electrophoresis (MEE) and DNA-DNA hybridisation, spirochaetes isolated from cases of intestinal spirochaetosis in humans and pigs have been shown to be closely related [1, 13] . They form a genetic group with the suggested name 'Anguillina coli ' [Ml, and are distinct from porcine intestinal spirochaetes in the genus Serpulina, including S. hyodysenteriae [13] , the aetiological agent of swine dysentery [14] , and the non-pathogenic human intestinal spirochaete Brachyspira aalborgi [15] .
In the current study we have developed a technique for the identification of these potentially pathogenic organisms, from both humans and pigs, by amplification of a portion of their 16s rDNA using the polymerase chain reaction (PCR).
Materials and methods

Spirochaetes
Eighty-three strains of anaerobic intestinal spirochaetes were analysed. These bacteria included 38 strains of Serpulina spp., one each of Brachyspira aalborgi and Treponema succinifaciens, and 43 strains of 'A. coli' from humans and pigs. A summary of the identity and origin of the strains is presented in Table 1 .
Microbial culture and DNA extraction
The spirochaetes were grown in the trypticase soy broth-based pre-reduced anaerobic autoclaved liquid medium of Kunkle et al. [16] , supplemented with 2% foetal calf serum and 1% cholesterol. Spirochaetes in late log-phase were pelleted from broth, washed twice in phosphate-buffered saline (pH 7.2), and resuspended in 3 ml of 50 mM Tris . HCl (pH 8.0), 50 mM EDTA, 20% sucrose. DNA was prepared as previously described [17] . DNA from T, succinifaciens 6091, grown in RTY medium [18] , was a gift from Dr. T.B. Stanton, National Animal Diseases Center, Ames, IA. DNA from Escherichia coli strain JM109 was donated by B.C. Combs, Murdoch University. DNA concentrations were measured spectrophotometrically [19] .
Preparation of whole cells for PCR
Dilutions of cells of human 'A. coli' strain HRM2[5], which had been washed twice in phosphate-buffered saline, were made from 1 X lo6 to 1 X 10' cells, each resuspended in 1 ml of sterile distilled water. The tubes were placed in a boiling water bath for 10 min, centrifuged at 15 000 rpm for 10 min in a microfuge and the supernatants were discarded. Cell pellets were resuspended in 200 ,ul of TE buffer (10 mM Tris, 1 mM EDTA, pH 7.5). 5 ~1 from each tube was subjected to PCR.
PCR amplification of 16s rDNA
The primers used in the PCR comprised a 22-base universal eubacterial 16s rDNA sequencing primer ('1492r') [20] Template DNA (100 ng, except for boiled whole cells) in a total volume of 25 ~1 was amplified by PCR using 50 ng of each primer, in a 10% reaction buffer containing 2.5 nmol of each dNTP (Pharmacia), 1.5 mM MgCl, and 0.55 units of thermostable DNA polymerase (Tth plus, Biotech International, Australia). The thermal cycling consisted of an initial denaturation period (3 min, 94"(Z), then 30 cycles of annealing (45 s, 48"C), elongation (2 min, 72°C) and denaturation (1 min, 94"(Z), with a final 10 min extension period at 72°C. The PCR products were subjected to electrophoresis in 1.5% agarose gels in Tris-borate buffer (0.089 M Tris, 0.089 M boric acid, 0.002 M EDTA, pH 8.0) at 80 V for 50 min. The gels were stained with ethidium bromide and photographed under UV light.
Detection of spirochaetes from porcine faeces
Faecal samples were obtained from 10 grower pigs in a piggery in a section of a shed where growth rates were depressed and mucoid faeces had been observed. The samples were cultured anaerobically at 37°C on 5% sheep blood agar plates containing 400 pg ml-' spectinomycin and 25 /Lg ml-' each of colistin and vancomycin.
Weakly haemolytic spirochaetes were identified on plates from two samples, and were subcultured and identified by MEE [6] . After 6 days, growth from each of the 10 primary plates was resuspended in 1 ml phosphatebuffered saline, and the DNA was extracted by a guanidine thiocyanate-diatomaceous earth protocol [21] . The cells were pelleted by centrifugation at 13 000 X g for 1 min, and 1 ml of lysis buffer (5 M GuSCN, 22 mM EDTA, 0.65% Triton X-100, 0.05 M Tris, pH 6.4) and 50 ~1 of 200 mg ml-' diatomaceous earth (DE Fluka) suspension in sterile distilled water was added. The solution was mixed thoroughly, allowed to stand for 10 mitt, then the DE with bound DNA was pelleted by centrifugation at 13 000 X g for 10 s. The pellet was washed twice in wash buffer (5.5 M GuSCn, 0.05 M Tris, pH 6.4), twice in cold (4°C) 70% ethanol and once in cold acetone. The pellet was dried at 55°C 100 ~1 of buffer (10 mM Tris, pH 8.0, 1 mM EDTA, 10 mM NaCl) was added, and the tube placed in a waterbath at 65°C for 15 min to elute bound DNA. The liquid was collected and subjected to the PCR as previously described.
Results
A PCR product, approx. 1300 bp in length, was generated from the DNA of all the 43 human and porcine strains of 'A. coli', including the so-called 'Serpulina jonesii'. No product was generated from 1 2 345 6 78 any of the other spirochaetes (Fig. l) , or from E. coli strain JM109.
A PCR product of the correct predicted size was generated from 5 ~1 samples of each of the dilutions of HRM2 between lo6 and lo4 cells. This gave a theoretical detection limit equivalent and 2.5 X lo* boiled cells.
PCR product of the correct size was generated from the bacterial growth on five of the 10 selective agar plates inoculated with porcine faecal samples. Spirochaetes were isolated from two of these samples, and confirmed to be 'A. coli' by MEE.
Discussion
Amplification of the 16s rDNA gene by PCR has been used in the identification and detection of a variety of different bacterial pathogens [22] . The protocol developed in the current study was shown to be 100% sensitive and specific in that it correctly identified DNA only from all those intestinal spirochaetes belonging to the proposed group 'A. coli' [6] , whether they were isolated from humans or pigs. This result confirms that these spirochaetes form a coherent genetic group, with a common 16s rDNA signature sequence corresponding to primer Acl. The fact that product was generated from the 'A. coli' isolates, and that the procedure could detect lower numbers of these organisms than bacterial culture. Although this technique had the disadvantage that primary bacterial culture still was required, it avoided difficulties associated with the presence of polymerase inhibitors in faecal samples, and has the potential to be used as a sensitive and specific means of identifying human and porcine isolates of 'A. coli' in clinical specimens.
